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1. Introduction  
It is well established that many antidepressant compounds with proven clinical efficacy act 
on the serotonergic and noradrenergic pathways. The monoaminergic hypothesis of major 
depression (MD) stipulates that a deficit in brain monoaminergic neurotransmission in 
various brain areas including the frontal cortex, hippocampus, amygdala or hypothalamus 
would account for some of signs and symptoms of the pathology (Katz et al., 2010a). For 
instance, abnormalities in the serotonin (5-HT) transmission are associated with impulsivity, 
aggressive, and anxious behaviors (Handley et al., 1995), whereas alteration in 
noradrenergic transmission, with motor activity, attention, and arousal (Morilak and Frazer, 
2004). The role of dopamine (DA) on the other hand, attracted less attention in the 
mechanisms of action underlying MD. However, the observations that reserpine, which 
depletes catecholamines, results in lowering mood (Schidkrautn 1965) or that an inhibition 
of tyrosine hydroxylase induces a worsening of depressive symptoms (Miller et al., 1996), 
strongly suggest that decreasing DA function may be of particular relevance. The fact that 
several symptoms observed in MD, including impaired motivation, concentration, and 
pleasure result from an attenuation of dopaminergic neurotransmission, strengthens the 
hypothesis that DA also regulates mood (Dunlop and Nemeroff, 2007).  
Most antidepressants approved, such as the selective serotonin reuptake inhibitors (SSRIs), 
the norepinephrine (NE) reuptake inhibitor (NRIs) or the dual serotonin/norepinephrine 
reuptake inhibitors (SNRIs), act by enhancing brain 5-HT and/or NE levels. Despite their 
therapeutic action, residual symptoms remain and may explain the fact that approximately 
50% of depressive individuals do not respond adequately to these agents (Berton and 
Nestler, 2006). The question can be asked as to whether these remaining symptoms are 
caused by the antidepressants or if they result from dysfunction in other neurotransmitters 
such as a blunted DA neurotransmission. In this context, a new generation of antidepressant 
drugs, the triple reuptake inhibitors (TRIs), has been developed with the hope to offer a 
clinically relevant advantage over single- or dual-acting agents (Guiard et al., 2009). Indeed, 
since TRIs simultaneously enhance extracellular levels of 5-HT, NE and DA 
neurotransmissions in various brain regions, this class of antidepressants could exert their 
therapeutic activity by treating more symptoms of MD and/or by attenuating some side 
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effects observed in response to traditional antidepressants. As an example, it is believed that 
the dopaminergic component of TRIs may prevent sexual dysfunctions induced by an 
increase in brain 5-HT.  
The present review describes the serotonergic, noradrenergic and dopaminergic pathways 
in the brain and the specific symptoms of depression under their control. Then it focuses on 
the preclinical in vitro and in vivo properties of TRIs. Indeed, the knowledge of their 
pharmacological properties may help better understand their mechanism of action and 
anticipate their putative efficacy over SSRIs, NRIs and SNRIs in humans. Finally, since over 
75% of depressed patients suffer from painful symptoms and that monoaminergic pathways 
control many of the psychological functions that are disturbed in depression and pain 
perception (Hache et al., 2011), this review addresses the possibility that TRIs may exert part 
of their antidepressant activity by preventing/reversing algesia in depressed patients.  
2. Monoaminergic pathways in the brain and their reciprocal interactions 
2.1 The serotonergic system 
Serotonin (5-HT) is present in most brain regions in the central nervous system. In the brain, 
serotonergic neurons originate within the brain stem. This system is comprised of a 
relatively small number of neurons that are clustered in nine phylogenetically conserved 
nuclei grouped into caudal (B1–B5) and rostral (B6–B9) nuclei including the dorsal and 
median raphe (DR and MR; respectively), with the former projecting to areas of the deep 
cerebellar nuclei, cortex, and spinal cord, whereas the latter extends an axonal network 
throughout the forebrain and cortices (Dahlström and Fuxe, 1964). Of particular relevance to 
mechanisms of MD are projections to structural correlates of emotionality including the 
amygdala, prefrontal and cingulated cortices, hypothalamus, and thalamus (Hornung 2003). 
Recently, 5-HT neurons have been classified based on genetic lineages. Specifically, 5-HT 
neuronal progenitors can be subdivided into subpopulations, which are discriminated by 
differing genetic transcription factors such as Pet-1 (Kiyasova et al., 2011; Hendricks, 2003). 
Indeed, this factor is required for the acquisition of serotonergic identity in a majority of 
neurons in the raphe nuclei including the dorsal and median raphe nuclei. However 
residual 5-HT neurons outline a unique subpopulation of raphe neurons with highly 
selective anatomical targets particularly the brain areas involved in stress responses with 
dense innervation to the basolateral amygdala, the paraventricular nucleus of the 
hypothalamus, and the intralaminar thalamic nuclei. It has thus been proposed the existence 
of Pet1-dependent and Pet1-resistant 5-HT neurons targeting different brain centers that 
might delineate the anatomical basis for a dual serotonergic control on stress responses 
(Kiyasova et al., 2011). 
2.2 The noradrenergic system 
The central noradrenergic neurotransmitter system originates from two distinct groups of 
cells in the brainstem (Dell’Osso et al., 2010). The main noradrenergic brain circuits are 
located in the locus coeruleus (corresponding to A4+A6 cell groups), which send 
noradrenergic projections throughout the neuroaxis innervating areas such as the frontal 
cortex, hippocampus and amygdala as well as the cerebellum (Dahlström and Fuxe, 1965). 
This ascending projection system is also referred to as the dorsal noradrenergic bundle. The 
locus coeruleus is basically involved in the responsiveness to external conditions and 
vigilance, providing pathways descending to the spinal cord and projecting throughout the 
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limbic system and diencephalon (Racagni and Brunello). Efferents from the lateral 
tegmentum (corresponding to A1, A2, A5 and A7 cell groups) have less extensive 
projections (Dahlström and Fuxe, 1965). They provide predominant innervation of the 
hypothalamus and also innervate areas of the septum and the extended amygdala nuclei 
including the bed nucleus of the stria terminalis (Moore and Card, 1984). Interestingly, 
noradrenergic and serotonergic systems overlap at several levels and are far away to be 
independent, both distributing to broad cortical areas (Brühl et al., 2010). Reciprocal 
projections between the major groups of 5-HT and NE cell bodies have been reported, 
creating ample opportunity for cross-modulation between these systems. For example, it is 
well established that NE stimulates the neuronal activity of 5-HT neurons in the DR 
(Mongeau et al., 1997). In a marked contrast, 5-HT projections from the DR nucleus to the 
locus coeruleus, impose a tonic inhibitory tone on the firing of NE neurons (Dremencov et 
al., 2009). 
2.3 The dopaminergic system 
Most DA-producing neurons in the brain are located in brainstem nuclei: the retro-rubro 
field (A8), the substantia nigra pars compacta (A9), and the ventral tegmental area (VTA) 
(A10) (Dunlop and Nemeroff, 2007). Projection pathways of the axons arising from these cell 
bodies follow specific pathways via the medial forebrain bundle to innervate specific cortical 
and subcortical structures, unlike the more diffuse innervation patterns of serotonergic and 
noradrenergic cells. The nigrostriatal pathway projects from the substantia nigra pars 
compacta to the dorsal striatum (caudate and putamen) and has a prominent role in the 
motor planning and execution of movement, although it clearly also plays an important role 
in non-motor functions, such as cognition (McClure et al., 2003). The mesocortical pathway 
arises from the VTA and projects to the frontal and temporal cortices, particularly the 
anterior cingulate, enthorinal, and prefrontal cortices. This pathway is believed to be 
important for concentration and executive functions such as working memory. The 
mesolimbic pathway also arises from the VTA but projects to the ventral striatum (including 
the nucleus accumbens), bed nucleus of the stria terminalis, hippocampus, amygdala, and 
septum. It is particularly important for motivation, the experience of pleasure and reward. 
The tuberoinfundibular pathway arises from the arcuate nucleus of the hypothalamus (A12) 
and projects to the median eminence of the hypothalamus, where DA released into the 
portal vessels acts to inhibit the secretion of prolactin from the anterior pituitary (Ben-
Jonathan and Hnasko, 2001). The incertohypothalamic pathway originates from cell bodies 
in the medial portion of the zona incerta (A13) and innervates amygdaloid and 
hypothalamic nuclei involved in sexual behavior. Unlike the other dopaminergic pathways, 
the "thalamic dopamine system" arises from multiple sites, including the periaqueductal 
gray matter and may contribute to the control of nociception (Hache et al., 2011). 
Importantly, serotonergic and noradrenergic neurons also display a high degree of 
anatomical and functional connectivity with the dopaminergic system. For instance, in 
addition to its tonic inhibition of NE transmission, 5-HT is believed to inhibit the firing of 
DA neurons in the VTA (Guiard et al., 2008a; 2008b). The influence of NE on DA neurons is 
more complex since both excitatory and inhibitory impacts have been reported (Guiard et 
al., 2008a; 2008b; Linner et al., 2001). On the other and, growing evidence suggest that DA 
may modulate the activity of 5-HT and NE neurons. It is suspected that DA directly 
increases the neuronal activity of 5-HT neurons in the DR (Haj-Dahmane, 2001; Martin-Ruiz 
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et al., 2001), thereby enhancing local 5-HT outflow (Ferre et al., 1994; Ferre and Artigas, 
1993; Martin-Ruiz et al., 2001). In contrast, multiple source of evidence demonstrates that 
DA inhibits the neuronal activity of NE neurons in the LC (Guiard et al., 2008a, 2008b; 
Deutch et al., 1986; Elam et al., 1986). 
3. Depression: monoaminergic symptoms and disturbances  
Based on the findings from studies of antidepressants, it may be possible to assign specific 
symptoms of depression to specific neurochemical mechanisms (Nutt, 2008a). Knowing 
which particular neurotransmitters are associated with particular symptoms of depression 
may help determine appropriate treatments that target specific mechanism that in turn 
target specific depression symptoms. 5-HT may be related to anxiety, compulsions and sleep 
disturbances; NE to alertness and energy as well as anxiety, attention, and interest in life; 
and DA to motivation, pleasure, and reward, as well as interest in life (Figure 1). Increasing 
any of these 3 neurotransmitters will elevate mood, but the other elements of depression 
may be particularly responsive to a certain neurotransmitter.  
 
 
Fig. 1. Monoamine regulation of mood behavior (Adapted from Nutt, 2008). 
3.1 Depressed mood and sadness 
Neuroimaging studies have associated depressed mood and sadness with abnormal 
neuronal activity in the medial prefrontal cortex (Drevets, 1999). This brain region receives 
innervation from serotonergic (midbrain raphe), noradrenergic (locus coeruleus) and 
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dopaminergic (ventral tegmental area) pathways. Low levels of these monoamines may 
decrease mood whereas antidepressants that enhance levels of monoamines have been 
shown to improve depressed mood and sadness (Morilak and Frazer, 2004). Other 
symptoms and/or comorbidities such as sleep or appetite disturbances as well as 
nociception may be affected in patients with MD and should draw attention of physicians 
when choosing antidepressants therapy. Clearly, an improved treatment of MD should start 
with a good diagnosis, based on the symptoms patients encounter as disturbances in 
different neurotransmitter systems. 
3.2 Diminished interest and pleasure 
Reduced dopaminergic activity has been linked to decreased motivation (Salamone et al., 
2003), anhedonia (loss of pleasure) and loss of interest (Willner, 1983), whereas increased 
dopaminergic transmission has been linked to positive affect (Depue and Collins, 1999). The 
mesocortical dopaminergic pathway, in particular the nucleus accumbens is a key regulator 
of pleasure. The prefrontal cortex is believed to be important in motivation (Drevets, 2001).  
A dysfunction of the mesocorticolimbic dopaminergic system innervating limbic structures 
including the nucleus accumbens, amygdala, ventral hippocampus and cortical areas may 
underlie the symptoms of loss of motivation, loss of interest and the inability to experience 
pleasure observed in MD. Antidepressants that enhance DA release including bupropion, 
may thus improve these symptoms (Dunlop and Nemeroff, 2007). 
3.3 Fatigue and loss of energy 
Brains areas controlling motor function such as the striatum innervated by DA and 5-HT 
neurons may be involved in physical fatigue, (Stahl et al., 2008). Mental fatigue and lack of 
mental energy may be related to other symptoms of depression, such as apathy (absence in 
feeling, emotion, interest) and lack of motivation. Cortical brain regions, especially the 
dorsolateral prefrontal cortex, are more likely to be involved in mental fatigue (MacHale et 
al., 2000). Consequently, antidepressants that increase DA and 5-HT, or both, may be 
preferable for patients with predominant symptoms of fatigue and loss of energy (Stahl et 
al., 2008). 
3.4 Anxiety 
The neuronal pathway of fears involved the amygdala, which receives NE and 5-HT 
innervation from the LC and DR, respectively. High levels of amygdala activation are 
associated with an increased prevalence of anxiety (Davidson et al., 2002) raising the 
possibility that antidepressants targeting both NE and 5-HT, may be more appropriate for 
treating depressed patients with comorbid anxiety disorders (Morilak and Frazer, 2004). 
3.5 Sleep disturbance 
There is a very strong association between sleep disturbance and major depression. 
Depressed patients usually complain of insomnia, notably of difficulties in falling asleep, 
frequent awakenings during the night, early waking up, and non-refreshing sleep (Benca 
et al., 1992). As well as distressing symptoms of sleep experienced by patients, changes in 
sleep architecture have been reported. Compared with normal controls, sleep continuity 
of depressed subjects is often impaired, with increased wakefulness (more frequent and 
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longer periods of wakefulness), and reduced sleep efficiency. Sleep onset latency is 
significantly increased and total sleep time reduced. Rapid eye movement (REM) latency 
is often shortened, and the duration of the first REM period is increased (Nutt et al., 
2008b). The role of 5-HT in the regulation of sleep is well documented and studies 
indicate that the neuronal activity of 5-HT and its release is maximal during wakefulness 
(W), reduced during slow wave sleep (SWS), and minimal during rapid eye movement 
(REM) sleep (Adrien, 2002).  Consequently, SSRIs, which increase 5-HT function increase 
REM latency, and reduce REM sleep (Wilson and Argyropoulos, 2005) may worsen sleep 
disturbance early in treatment (Hicks et al., 2002) and may leave residual sleep symptoms 
once mood is improved (Nelson et al., 2005). It is noteworthy that depressed patients may 
also display an excessive sleep and hypersomnia, particularly in atypical depression 
(Gold et al., 2002). This latter observation emphasizes the fact that a better diagnosis, 
based on the different subtypes of MD is a prerequisite to optimize and individualize 
antidepressant therapy. 
3.6 Appetite and eating disorders 
Eating disorders, the term now encompasses anorexia nervosa and bulimia nervosa 
(Jimerson et al., 1993), result from alteration, at least in part, in monoaminergic 
neurotransmission involved in the homeostatic control of appetite function. For example, 
positive correlations between mood disturbances and eating and weight concerns have 
been reported (Casper et al., 1998). Although, the background of eating disorders is 
complex, the involvement of impaired hypothalamic 5-HT function in these disorders is 
well documented (Wallin and Rissanen, 1994). In agreement with the observation that in 
this brain region, 5-HT contributes to post-ingestive satiety, several studies have shown 
that SSRIs, particularly fluoxetine, is effective in controlling bulimic episodes (Walsh, 
1994). This is also the case for other serotoninergic drugs, among them fenfluramine, 
which was used in the treatment of obesity (Guy-Grand, 1992). There is growing notion 
that mesolimbic dopaminergic neurotransmission also contributes to the effect of DA on 
feeding behavior (Volkow and Wise, 2005). Sibutramine, in addition to its effect on 5-HT, 
inhibits the reuptake of other monoamines and has been shown to enhance postprandial 
satiety, reduce total calorie intake and to diminish the decline in energy expenditure 
usually associated with a diet-induced negative energy balance (Hansen et al., 1999). 
Consequently, combined blockade of NE and 5-HT reuptake by SNRIs results in reduced 
food intake and body weight that neither monoamine reuptake inhibitor could achieve on 
its own. Interestingly, bupropion the dual NE releaser and DAT inhibitor (Dong and Blier, 
2001), cause weight loss by combined induction of hypophagia and thermogenesis (Billes 
and Cowley, 2007).  
Recently there has been interest in investigating the use of SSRIs in the treatment of patients 
with anorexia nervosa. Although fluoxetine has been associated with weight loss, it was 
proposed that this medication, because of a favorable side effect profile, could have 
advantages for treating depressive symptoms in patients with anorexia (Gwirtsman et al., 
1990).  
3.7 Nociception 
This is specifically illustrated in the fifth chapter of the present review. 
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4. Pharmacological properties of TRIs   
As described in the precedent chapter some comorbid symptoms of depression such as 
anhedonia, loss of motivation and concentration are directly connected to a deficit in central 
dopaminergic transmission. Consequently, triple reuptake inhibitors (TRIs) that 
simultaneously inhibit the reuptake of the three monoamines 5-HT, NE, DA (Chen & 
Skolnick, 2007) may provide greater symptomatic relief than SSRIs, NRIs or SNRIs. The 
interest of TRIs may also rely on the excitatory effect of DA upon the serotonergic system 
(Haj-Dahmane, 2001; Martin-Ruiz et al., 2001), thus suggesting that an increase in 
dopaminergic neurotransmission would facilitate that of 5-HT. In accordance with this 
hypothesis, it was shown that combination of SSRIs with bupropion lead to a synergy on 
monoamine transmission (Ghanbari et al. 2010; Prica et al. 2008; Li et al. 2002), as well as 
producing a robust antidepressant effect especially in treatment-resistant depressed patients 
 
 
Fig. 2. Monoaminergic antidepressants blocking the serotonin, norepinephrine and/or 
dopamine transporter. These agents are in various clinical* or preclinical** phases of 
development in MD or comorbidities. Selective serotonin reuptake inhibitor (SSRI), 
norepinephrine reuptake inhibitor (NRI), dopamine reuptake inhibitor (DRI), 
serotonin/norepinephrine reuptake inhibitor (SNRI), norepinephrine/dopamine reuptake 
inhibitor (NDRI), triple reuptake inhibitor (TRI). #This agent is a dopamine reuptake 
inhibitor and a norepinephrine releaser (Dong and Blier, 2001).  
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(Leuchter et al. 2008; Zisook et al. 2006). A number of compounds with the ability to bind and 
block all three monoamine transporters have been developed. DOV Pharmaceutical, Inc. is the 
first company having provided in vitro and in vivo preclinical data with their triple reuptake 
inhibitors DOV216303 and DOV21947. New molecules have followed such as NS2330 
(tesofensine, GlaxoSmith-Kline/NeuroSearch), SEP225289 (Sepracor Inc.), CNS-1 and CNS-2 
(Albany Molecular Research Institute Inc), PRC-025, PRC-050, PRC-200SS (Mayo Foundation), 
JNJ7925476 (Johnson & Johnson Pharmaceutical Research & Development), WF-23 (Eli Lilly) 
and JZAD-IV-22 (PsychoGenics). Lundbeck laboratories develop their own compounds such 
as LuAA24530 but with the difference that they also antagonize monoaminergic receptors. 
Others compounds will undoubtedly emerge in a near future. Indeed, it is interesting to note 
that in 2010-2011, the pharmacological profiles of nine new compounds, studying the structure 
activity relationship (SAR), have been reported (Shao et al., 2011a; 2001b; 2011c; Caldarone et 
al., 2010; Carter et al., 2010; Lee et al., 2010; Lucas et al., 2010; Micheli et al., 2010a, 2010b; 
Schoedel et al., 2010). Despite the emergence of these compounds, older molecules with the 
abilities to inhibit all three monoamines transporters were already available such as the 
tryciclic agent nefopam approved in Europe (Heel et al., 1980), bicifadine in phase III (Basile et 
al., 2007) or indatraline (Lengyel et al., 2008) (Figure 2). 
4.1 Preclinical in vitro properties 
4.1.1 Binding properties 
Many studies provide Kd values for their compounds, or Ki values, which are sometimes 
used interchangeably. These values for the SERT, NET and DAT are provided in Table 1. It 
can be noticed that some TRIs such as the PRC series preferentially bind to the SERT and 
NET while displaying a lower affinity for the DA transporter (DAT). This is, however, not 
the case for the other compounds which display a similar or higher affinity for the DAT than 
for the SERT or the NET. Interestingly, the affinity of most of these new compounds for 
monoamines transporters is lower than that of SSRIs and NRIs at binding SERT and NET, 
respectively (Hache et al., 2011). Therefore, the analysis of the binding properties and 
functional activity of the TRIs indicates that the novelty of these pharmacological agents lies 
in their relative balanced binding profile rather than in their potency at blocking 
monoamines transporters (Hache et al., 2011). 
 
TRIs 
In vitro binding 
(Ki or Kd in nM) References 
SERT NET DAT 
Bicifadinea 2400 5000 5200 Basile et al., 2007
Indatralinea 0.6 2 4 Lengyel et al., 2008
DOV216303a 190 380 190 Chen and Skolnick, 2007 
DOV21947a 110 260 210 Skolnick et al., 2003
JNJ7925476a 0.9 16 5 Aluisio et al., 2008
PRC025b 6 10 53 Shaw et al., 2007
PRC050b 12 1.2 43 Shaw et al., 2007
PRC200-SSb 2.1 1.5 61 Liang et al., 2008
Table 1. In vitro binding affinities of triple reuptake inhibitors (TRIs). aKi values are 
expressed in nM (Ki for inhibition of radioligand binding). bKd values are expressed in nM 
and represent the equilibrium dissociation constant. The smaller the Kd values, the higher 
affinity of a drug is for the corresponding monoaminergic transporter. 
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4.1.2 Functional activity: Synaptosomes 
Inhibition of [3H]-5-HT or [3H]-NE reuptake in synaptosomes, is one of the most widespread 
method to assess the in vitro potency of reuptake inhibitors (Sanchez and Hytell, 1999) and 
to predict indirectly, their selectivity on biogenic amines transporters. In addition, it is 
noteworthy that the binding properties of triple reuptake inhibitors do not necessarily 
correspond to their in vitro functional activity assessed from rat brain synaptosomes (Tables 
1 and 2). For example, although in vitro studies with PRC compounds (PRC025, PRC050 and 
PRC200SS: 1S,2S-isomer of racemic PRC050), revealed a perfect correlation between binding 
affinity and functional activity towards monaminergic transporters (i.e. the rank of potency 
is NET>SERT>DAT), DOV216303 which preferentially binds to SERT and DAT, mainly 
inhibits the uptake of [3H]5-HT and [3H]NE (Chen and Skolnick, 2007; Skolnick et al., 2003). 
Such a discrepancy could be explained by the fact that the uptake of [3H]NE from 
synaptosomal fractions involved the DAT. Indeed, unselective reuptake mechanisms have 
been previously reported with monoaminergic systems. In particular, it is well established 
that the clearance of DA from the extracellular space can occur through the NET in various 
brain regions including the hippocampus, the FC and the NAcc (Carboni et al., 2004; 
Bymaster et al., 2002; Moron et al., 2002). More recent evidence shows that DA may also be 
taken up by the SERT (Larsen et al., 2011). 
4.2 Preclinical in vivo properties 
In vivo strategies for characterizing the selectivity and potency of monoamines reuptake 
inhibitors examine the electrophysiological and neurochemical effects of these compounds, 
generally in rat or mouse brain. At presynaptic level, when the 5-HT or NE transporters are 
blocked on the serotonergic or noradrenergic cell bodies, respectively, there results an 
accumulation of 5-HT or NE in the vicinity of somatodendritic 5-HT1A or 2 autoreceptors 
in the dorsal raphe (DR) or locus coeruleus (LC). This lead to an attenuating firing of DR 5-
HT or LC NE neurons in a dose-dependent manner due to the activation of these neuronal 
elements exerting a negative feedback influence (Tremblay and Blier 2006). This parameter 
can be used to characterize the pharmacological profile of reuptake inhibitors. At nerve 
terminals, an accumulation of 5-HT or NE also occurs in response to the inactivation of the 
5-HT or the NE transporter by SSRIs or NRIs, and the enhancement of extracellular levels of 
monoamines can be probed by microdialysis in various brain regions (Guiard et al., 2009). 
This approach constitutes a second parameter to study the functional activity of reuptake 
inhibitors. Nevertheless, since microdialysis methodology may vary between laboratories, 
the electrophysiological approach seems to be more appropriate to establish relevant 
comparisons between compounds. 
4.2.1 Functional activity: Electrophysiology 
Electrophysiological recordings with TRIs (in comparison with single- or dual-acting agents) 
on monoamines neuronal activities have yet to be determined. Nevertheless, an initial study 
reported, that relative high intravenous doses of the TRIs SEP225289 and DOV216303 were 
required to inhibit the electrical activities of DR 5-HT, LC NE and VTA DA neurons. 
Although this may result from a lower affinity for the monoaminergic transporters than 
selective reupake inhibitors or from a poor brain penetration, 5 mg/kg; iv of DOV216303, 
produced an inhibition of 80% of LC NE neuronal activity but only of 30% and 40% of DR 5-
HT and VTA DA neurons; respectively (Guiard et al., 2011). The observation that both TRIs 
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exerted a predominant effect in the LC, while producing only a partial decrease in DR 5-HT 
firing activity was puzzling given the equal in vitro affinity and potency of the former drugs 
for all three transporters. The reciprocal interactions between monoaminergic neurons 
might have thus contributed to alter the functional in vivo activity of TRIs because the 
majority of SSRIs, NRIs and SNRIs produce a complete suppression of DR 5-HT neurons 
firing (Hache et al., 2011). The possibility has been raised that the lesser than expected effect 
of SEP225289 or DOV216303 on the firing activity of 5-HT neurons resulted, at least in part, 
from the accumulation of DA and NE in the DR, which are supposed, as abovementioned to 
be excitatory on the neuronal activity of 5-HT neurons (Katz et al., 2010b).  
4.2.2 Functional activity: Intracerebral microdialysis 
With respect to microdialysis data, as expected all TRIs increase extracellular monoamines 
levels with distinct intensities, depending on their pharmacological properties, on the brain 
regions studied and their relative equipment in monoamines transporters and, on the model 
used “naïve” vs depressed animal (Table 2). In a recent study performed in control rats, 
PRC200-SS was shown to increase the extracellular levels of the three monoamines in the 
medial prefrontal cortex cortex (mPFC) and the Nucleus accumbens (NAcc) (Liang et al., 
2008). In the mPFC, in agreement with its in vitro pharmacological profile, PRC200-SS (5 and 
10 mg/kg; ip) significantly increased extracellular levels of NE and 5-HT with a more 
pronounced effect for NE. Nevertheless, in this brain region PRC200-SS failed to modify the 
extracellular levels of DA. This result is somewhat surprising given the dense dopaminergic 
innervation and the high expression of DAT in the frontal cortex (Kuikka et al., 1995). The 
lack of increase in cortical DA extracellular levels may be explained by its heterologous 
reuptake from the NET (Moron et al., 2002; Giros et al., 1994). However the observations 
that catecholamine uptake blockers such as nomifensine, desipramine or GBR12909 increase 
DA levels (Devoto et al., 2004; Valentini et al., 2004; Gresh et al., 1995) could emphasize the 
importance of the reciprocal interactions between the DA and NE or 5-HT system at nerve 
terminal. Indeed if NE and/or 5-HT exert an inhibitory influence on cortical dopaminergic 
projections, as describe in the VTA (Guiard et al., 2008a), this might have produced counter-
productive effects. However, in the core of the NAcc, where the density of DAT is relatively 
high, PRC200-SS (10 mg/kg; ip) increased DA and, to a lower extent, 5-HT outflow without 
affecting NE, probably because of the absence of noradrenergic innervation in this brain 
area (Carboni et al., 2006). Using microdialysis in the cortex of freely moving rats, 
confirmation of the blocking activity of JNJ7925476 on the SERT, NET and DAT has also 
been provided. A robust and dose-dependent increase in all three monoamines, lasting for 
several hours, was detected with a maximal effect for DA compared to 5-HT and NE at the 
highest dose tested (10 mg/kg; sc) (Aluisio et al., 2008). These results strongly contrast with 
in vitro data showing that JNJ7925476 displayed a better in vitro binding affinity and 
blocking activity for SERT than for DAT (Aluisio et al., 2008). Differences in transporter 
occupancy cannot explain these findings since this parameter followed the same trend 
observed with cortical extracellular monoamines levels. It has therefore been proposed that 
the high cortical levels of DA might have resulted from the blockade of the NET by this 
drug, which displays a high affinity for the DAT (Moron et al., 2002; Giros et al., 1994). 
Another possibility would be that JNJ7925476 acted by stimulating the release of DA but this 
property has not been demonstrated yet. Indirect effects might have also involved 
functional interaction between monoaminergic neurons leading to high extracellular levels 
of cortical DA. Together, these findings illustrate the fact that the in vivo activity of TRIs does 
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not necessarily reflect their in vitro functional activity, probably due, at least in part, to 
functional interactions between monoaminergic neurons. Another interesting example of 
unexpected results comes from neurochemical studies with bicifadine. Indeed, microdialysis 
studies in normal waking rats indicated that bicifadine preferentially increase DA and 5-HT 
than NE extracellular levels in the nucleus accumbens at the highest dose tested (60 mg/kg; 
i.p.) despite the higher potency of this TRI at binding and inhibiting the SERT and NET 
(Nicholson et al., 2009; Basile et al., 2007). Although the selectivity of this compound at the 
dose tested can be questioned, it is possible that the combined elevation in 5-HT and DA 
produce robust inhibitory effect on the noradrenergic system.  
In olfactory bulbectomized rats, a model of depression (Song et al., 2005), it has been shown 
that the removal of olfactory bulbs results in a significant decreased in DA, but not 5-HT 
and NE, cortical extracellular levels when compared to sham operated. Interestingly, 
although after acute administration, DOV216303 increased DA, 5-HT and NE outflow in 
sham and bulbectomized rats, chronic administration resulted in a blunted rise in 
neurotransmitter (Prins et al., 2011; Prins et al., 2010). In the hippocampus, no changes in 
monoamines levels were observed in bulbectomized rats, DOV216303 increase DA, 5-HT 
and NE in both sham and bulbectomized rats either after acute or chronic treatment (Prins et 
al., 2011). This raises the possibility that monamines homeostasis in response to TRIs is 
regulated in a region-dependant manner. In the search for new drugs, adaptations in 
receptor and transporter density pre- and post-synaptically after chronic drug 
administration should be investigated as well. 
 
TRI 
In vitro uptake 
(Kd or IC50 in nM) 
In vivo uptake 
 References 
SERT NET DAT 5-HT NE DA 
Bicifadinea 117 55 910 +++ ++ +++ 
Nicholson et al., 
2009 ; Basile et al., 
2007 
DOV216303a 30 45 80 +++ ++ ++ 
Caldarone et al., 
2010 ; Prins et al., 
2010 
DOV21947a 12 23 96 ND ND ND 
Skolnick et al., 
2003 
JNJ7925476a 1 1 2.5 +++ +++ +++ Aluisio et al., 2008 
JZAD-IV-22a 15 84 120 ++ +++ +++ 
Caldarone  
et al., 2010 
PRC025b 6 19 100 ND ND ND Shaw et al., 2007 
PRC050b 6 0.4 120 ND ND ND Shaw et al., 2007 
PRC200-SSb 2 0.6 18 + +++ ++ Liang et al., 2008 
SEP225289a 14 4 2 ND ND ND Guiard et al., 2011 
Table 2. In vitro and in vivo functional activity of triple reuptake inhibitors (TRIs) from 
synaptosomes and intracerebral microdialysis; respectively. aValues are expressed in IC50. 
bValues are Kd expressed in nM and represent the equilibrium dissociation constant. The 
smaller the Kd values, the higher inhibitory effect of a drug is for the corresponding 
monoaminergic transporter. In microdialysis experiments, signs “+” reflects the relative 
increase in 5-HT, NE and DA obtained with the highest acute dose used. ND: not determined. 
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4.3 Antidepressant-like activity 
In humans, it is accepted that antidepressant and more particularly SSRIs, typically inhibit 
80% of the SERT binding sites at minimally effective doses (Blier, 2008). It is, however, not 
known how much inhibition or occupancy for each transporter is required for 
antidepressant action. Correlation between in vitro binding profile towards monoamines 
transporters and in vivo behavioral studies may help shed light on some important and often 
debated issues. 
4.3.1 In test predictive of antidepressant-like activity 
The most frequently paradigms used to screen the antidepressant-like activity of 
pharmacological agents are the forced swimming and the tail suspension tests (FST and TST, 
respectively). Interestingly in the FST a further distinction can be made in swimming and 
climbing behaviors. Swimming is a parameter that reflects the activation of the brain 
serotonergic system in rodents (Cryan and Lucki, 2000; Reneric and Lucki, 1998; Detke et al., 
1995). Such an association comes from the observation that pretreatment with the 
tryptophan hydroxylase inhibitor parachlorophenylalanine, prevents SSRIs-induced 
increase in swimming behavior (Page et al., 1999). On the other hand, climbing behavior has 
been shown to reflect the activation of noradrenergic system, particularly the subpopulation 
of neurons arising from the lateral tegmentum (Cryan et al., 2002). Surprisingly, none of the 
studies evaluating the antidepressant-like activity of TRIs has examined the climbing 
response, to compare for example, their in vivo potency at stimulating brain serotonergic 
and noradrenergic neurotransmissions. It is also important to mention that only one test in 
animals cannot cover all the complex depressive aspects. Ideally, novel compounds should 
be tested in several behavioral paradigms and animal models in order to address their 
putative antidepressant-like activity on a wide variety of symptoms of MD. In this prospect, 
Guilloux et al., (2011) have recently developed a score integrating measures from different 
tests to provide a robust characterization of the underlying "emotionality" of individual 
mouse, similarly as mood and related syndromes are defined in humans through various 
related symptoms over time.  
Behavioral data currently available, have clearly demonstrated the antidepressant-like effect 
of triple reuptake inhibitors that act by increasing the time of mobility and/or by reducing 
the time of immobility in the FST or the TST (Aluisio et al., 2008; Liang et al., 2008; Shaw et 
al., 2007; Skolnick et al., 2003) (Table 3). Among the TRIs tested, PRC200-SS and JNJ7925476 
produced the most robust antidepressant-like effects in these tests. For example, JNJ7925476 
(0.3 mg/kg; sc) or PRC200-SS (10mg/kg; ip) produced a greater increase in the time of 
mobility in the mouse TST than that observed with PRC025, PRC050 (Aluisio et al., 2008; 
Bannwart et al., 2008; Liang et al., 2008; Shaw et al., 2007; Skolnick et al., 2003). In the rat 
FST, PRC200-SS is also the compound exhibiting the best performance since at the dose of 10 
mg/kg; ip, it produced a more pronounced increase in the time of immobility than that 
observed with the corresponding doses of DOV21947, PRC025 and PRC050. Interestingly, 
both compounds (i.e. JNJ7925476 and PRC0200-SS) display a higher affinity for the SERT 
and the NET compared to the others compounds, suggesting that this double action is an 
important prerequisite to produce maximal effects. Since DA is known to enhance 
locomotor activity, the possibility cannot be excluded that triple reuptake inhibitors 
increased the time of immobility in these various studies, through a psychostimulant effect. 
In various studies, however, TRIs did not modify locomotor activity at doses that produce 
www.intechopen.com
A New Class of Antidepressant Drugs  
in the Treatment of Psychiatric Disorders: The Triple Reuptake Inhibitors 
 
303 
antidepressant-like effects (Aluisio et al., 2008; Liang et al., 2008; Shaw et al., 2007; Skolnick 
et al., 2003), thus suggesting that the antidepressant-like activity of TRIs does not appear to 
be from “false-positive” results. 
4.3.2 In animal models of depression 
An important drawback in the development of antidepressants is the fact that the new 
compounds are tested after acute administration in “naïve” non-depressed animals. Their 
chronic use in animal models is likely more relevant and would provide more informative 
results to determine whether or not a new pharmacological agents worth being tested in 
clinical trials. A recent study in bulbectomized rats has provided some interesting results. In 
this model, a 14-day regimen of DOV216303 (20 mg/kg/day; po), normalized bulbectomy-
induced hyperactivity in the open field, similar to the effect of imipramine at the same dose 
(Breuer et al., 2008). Further studies in these animal models are required to precise the 
potential of TRIs and dissect their mechanism of action in pathological conditions. 
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Table 3. Antidepressant-like activity of triple reuptake inhibitors (TRIs) in rodents assessed 
in the forced swimming test (FST) or the tail suspension test (TST). Po: per os; ip: 
intraperitoneal; ND: not determined. *p<0.05, **p<0.01 and p<0.001: significantly different 
from vehicle-treated group. 
4.4 Clinical properties of TRIs 
On the basis of preclinical data, TRIs are in process of development (Millan, 2009) and most 
are now in Phase II clinical trials (Table 4). A small citalopram-controlled trial of DOV216303 
in severely depressed patients yielded significant improvements in Hamilton Depression 
Rating Scale (HAM-D) scores in both groups at both one-week and two week time points 
(Skolnick et al., 2006). Since the optimal selectivity of TRIs at the three transporter sites 
remains undetermined, it is plausible that different potency ratios may result in different 
clinical effects. It can be envisaged to adapt the treatment to the nature of depressive 
symptoms. Drugs with high affinities for the 5-HT and NE transporters could be prescribed 
to patients displaying anxious symptoms, whereas compounds with a high affinity for the 
DAT could be more beneficial to patients having a loss of motivation and/or anhedonia. 
Despite these encouraging data, further investigations failed to demonstrate the beneficial 
therapeutic effect of NS2359 resulting in discontinued development. Of particular 
importance, a concern with drugs that block DA transporters is their potential reinforcing 
property and abuse liability. This comes from the fact that drugs that block DAT do not 
necessarily lead to dependence. Indeed, Volkow and collaborators showed that DA-
transporter-blocking drugs must induce more than 50% DAT blockade to produce 
reinforcing effects (Volkow et al., 2005). Hence, DA reuptake inhibitors have been classified 
into two groups: type 1 blockers, which produce addiction and euphoria, and type 2 
blockers, which do not (Rothman, 1990). It is thus possible that the capacity of DA reuptake 
blockers to produce dependence may involve other mechanisms that should carefully be 
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considered with multi-targets agents such as TRIs. Nevertheless, although rigorous clinical 
feedback is yet to come, it can be hoped that TRIs will prove to have acceptable abuse and 
dependence potential and will offer improved efficacy in the management of depression. 
Accordingly a recent study involving comparing tesofensine vs. placebo, D-amphetamine 
and bupropion, in recreational stimulant users shows that although the effects of D-
amphetamine were significantly greater than those of placebo on all primary and secondary 
subjective measures, tesofensine were not significantly different from those of placebo and 
lower than those of D-amphetamine and bupropion suggesting that the abuse potential for 
tesofensine is no greater than that of bupropion (Schoedel et al., 2010). Similar conclusions 
were reported with bicifadine, which display a low abuse potential (Nicholson et al., 2009). 
With respect to MD and eating disorders, weight loss has also been observed as an adverse 
event in studies with tesofensine (Hauser et al., 2007; Hansen et al., 2010), prompting further 
research for the indication of obesity. This effect is believed to result from appetite 
suppression (Axel et al., 2010; Sjodin et al., 2010). Recently published data from the first 
randomized, double-blind, Pl-controlled phase-II trial in primarily healthy, obese subjects 
showed that tesofensine was able to produce a greater weight loss after 24 weeks about 
twice that of currently approved drugs (Astrup et al., 2008a, 2008b). Appetite was 
significantly suppressed after an overnight fast after treatment with tesofensine in this study 
(Astrup et al., 2008a, 2008b). 
5. Pain relief by TRIs, an example of symptom of depression   
Acute and chronic pains may result from reduced levels of endogenous 5-HT, NE and DA 
activities, at both the spinal and supraspinal levels (Ren and Dubner, 2002). Indeed, pain is a 
bi-directional process of ascending and descending neuronal pathways involving 
monoaminergic systems whose activation may have an inhibitory influence on nociception. 
Despite the complexity of pharmacological interactions between monoaminergic neurons, 
that sometimes may attenuate monoaminergic neurotransmission, one would expect a better 
efficacy of dual-or triple-acting agents over selective 5-HT or NE reuptake inhibitors in 
analgesia (Hache et al., 2011). Indeed, since all three monoamines are involved in 
antinociception, the recruitment of more than one system may produce additional effects. 
Selected antidepressants suppress pain by diverse mechanisms and are now considered as 
an essential component of the therapeutic strategy for treatment of many types of persistent 
pain (Sawnyok et al., 2001). Their main mechanism of action involves reinforcement of the 
descending inhibitory pathways by increasing the amount of 5-HT and NE, but also DA in 
the synaptic cleft at both supraspinal and spinal levels (Hache et al., 2011). Several open-
label randomized controlled clinical trials, meta-analyses, and systematic reviews have 
confirmed the clinical efficacy of selected antidepressants in persistent pain conditions 
(Dharmshaktu et al., 2011). Precedent for the use of TRIs in the treatment of clinical pain 
exists with nefopam, a tricyclic agent with non-narcotic analgesic (Heel et al., 1980). It was 
reported that DA played a critical role in nefopam analgesia as indicated by the observation 
that rats with selective loss of DA neurons, have a marked reduction in nefopam-induced 
analgesia. In a marked contrast, the lesion of the serotonergic or noradrenergic systems 
induced by 5,7-duhydroxytryptamine (5,7-DHT) or DSP4, respectively, failed to affect 
nefopam-induced analgesia in rats (Esposito et al., 1986; Girard et al., 2006; Girard et al., 
2011). The potential interest of TRIs in the relief of pain has been corroborated by a recent 
publication characterizing the antinociceptive effects of the TRI bicifadine in acute, 
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persistent and chronic models of pain (Basile et al., 2007). In this study, bicifadine potently 
suppressed pain responses in two models of acute inflammatory pain in both rats and mice. 
It also normalized the nociceptive threshold in the complete Freund's adjuvant model of 
persistent inflammatory pain and suppressed mechanical and thermal hyperalgesia and 
mechanical allodynia in the spinal nerve ligation model of chronic neuropathic pain. 
Mechanical hyperalgesia was also reduced by bicifadine in the STZ model of neuropathic 
pain (Basile et al., 2007). Clinical (phase II/III) studies have demonstrated that bicifadine is 
an effective analgesic in the treatment of postoperative pain (Krieter et al., 2008). The impact 
of bicifadine on 5-HT, NE and DA neurotransmissions was confirmed by in vitro binding 
assays and intracerebral in vivo microdialysis study in freely moving rats. In a second study, 
another TRI, NS7051, has shown comparable antinociceptive properties to tramadol 
confirming the interest of these antidepressants in the relief of pain (Munro et al., 2008). The 
molecule has undergone several Phase II and III trials for the treatment of pain, including 
acute postsurgical pain and chronic low back pain, and is being evaluated for painful 
diabetic neuropathy (clinical trial.gov). However, bicifadine has failed to meet endpoints in 
a number of trials such as diabetic neuropathy (clinical trial.gov) suggesting that TRIs may 
be used in specific pain. Other TRIs currently under development for depression should 
draw attention for future investigations in the field of pain and confirm whether or not they 
display any activity in diabetic neuropathy. 
6. Conclusion 
Numerous arguments support the contention that multi-target mechanisms may be more 
effective and better tolerated than their highly selective counterparts in the management of 
MD (Millan, 2009).  Hence, drugs in preclinical and clinical studies (Table 4) include, but are 
not limited to TRIs, which simultaneously increase brain 5-HT, NE and DA 
neurotransmissions. Several lines of evidence specifically substantiate interest in dual-and 
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IV Post operative analgesia 
Table 4. Clinical studies with triple reuptake inhibitors (TRIs) in major depressive disorder 
or related morbidities. Details of these studies can be found on 
http://www.clinicaltrials.gov using the Boolean research for the following keywords: 
“Triple reuptake inhibitors”. 
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of interacting genes, epigenetic influences, developmental events, and environmental factors 
collectively compromise mood.  Second, agents that have complementary components of 
action may have a greater chance of controlling both the mood deficits of depression and 
other residual symptoms such as sleep disturbances, eating, sexual disorders or pain. This 
review particularly focuses on nocicpetion since over 75% of depressed patients suffer from 
painful symptoms (Hache et al., 2011), predicting a greater severity and a less favorable 
outcome of depression. In addition, imaging, anatomical and functional studies have 
demonstrated the existence of common brain structures, neuronal pathways and 
neurotransmitters in depression and pain raising the possibility that managing pain in 
depressed patients may help them recover more rapidly and efficiently. This is an example 
illustrating the fact that MD does not rely on only one impaired system and that an 
improved antidepressant therapy requires a diagnosis taking into considerations symptom 
profiles. 
7. References   
Adrien J (2002). Neurobiological bases for the relation between sleep and depression. Sleep 
Med Rev 6(5): 341-351. 
Aluisio L, Lord B, Barbier AJ, Fraser IC, Wilson SJ, Boggs J, et al. (2008). In-vitro and in-vivo 
characterization of JNJ-7925476, a novel triple monoamine uptake inhibitor. Eur J 
Pharmacol 587(1-3): 141-146. 
Astrup A, Madsbad S, Breum L, Jensen TJ, Kroustrup JP, Larsen TM (2008a). Effect of 
tesofensine on bodyweight loss, body composition, and quality of life in obese 
patients: a randomised, double-blind, placebo-controlled trial. Lancet 372(9653): 
1906-1913. 
Astrup A, Meier DH, Mikkelsen BO, Villumsen JS, Larsen TM (2008b). Weight loss 
produced by tesofensine in patients with Parkinson's or Alzheimer's disease. 
Obesity (Silver Spring) 16(6): 1363-1369. 
Axel AM, Mikkelsen JD, Hansen HH (2010). Tesofensine, a novel triple monoamine 
reuptake inhibitor, induces appetite suppression by indirect stimulation of alpha1 
adrenoceptor and dopamine D1 receptor pathways in the diet-induced obese rat. 
Neuropsychopharmacology 35(7): 1464-1476. 
Bannwart LM, Carter DS, Cai HY, Choy JC, Greenhouse R, Jaime-Figueroa S, et al. (2008). 
Novel 3,3-disubstituted pyrrolidines as selective triple 
serotonin/norepinephrine/dopamine reuptake inhibitors. Bioorg Med Chem Lett 
18(23): 6062-6066. 
Basile AS, Janowsky A, Golembiowska K, Kowalska M, Tam E, Benveniste M, et al. (2007). 
Characterization of the antinociceptive actions of bicifadine in models of acute, 
persistent, and chronic pain. J Pharmacol Exp Ther 321(3): 1208-1225. 
Ben-Jonathan N, Hnasko R (2001). Dopamine as a prolactin (PRL) inhibitor. Endocr Rev 22(6): 
724-763. 
Benca RM, Obermeyer WH, Thisted RA, Gillin JC (1992). Sleep and psychiatric disorders. A 
meta-analysis. Arch Gen Psychiatry 49(8): 651-668; discussion 669-670. 
Berton O, Nestler EJ (2006). New approaches to antidepressant drug discovery: beyond 
monoamines. Nat Rev Neurosci 7(2): 137-151. 
www.intechopen.com
A New Class of Antidepressant Drugs  
in the Treatment of Psychiatric Disorders: The Triple Reuptake Inhibitors 
 
309 
Billes SK, Cowley MA (2007). Inhibition of dopamine and norepinephrine reuptake 
produces additive effects on energy balance in lean and obese mice. 
Neuropsychopharmacology 32(4): 822-834. 
Blier P (2008). Resiliency of monoaminergic systems: the 80% rule and its relevance to drug 
development. J Psychopharmacol 22(6): 587-589. 
Breuer ME, Chan JS, Oosting RS, Groenink L, Korte SM, Campbell U, et al. (2008). The triple 
monoaminergic reuptake inhibitor DOV 216,303 has antidepressant effects in the 
rat olfactory bulbectomy model and lacks sexual side effects. Eur 
Neuropsychopharmacol 18(12): 908-916. 
Bruhl AB, Kaffenberger T, Herwig U (2010). Serotonergic and noradrenergic modulation of 
emotion processing by single dose antidepressants. Neuropsychopharmacology 35(2): 
521-533. 
Bymaster FP, Zhang W, Carter PA, Shaw J, Chernet E, Phebus L, et al. (2002). Fluoxetine, but 
not other selective serotonin uptake inhibitors, increases norepinephrine and 
dopamine extracellular levels in prefrontal cortex. Psychopharmacology (Berl) 160(4): 
353-361. 
Caldarone BJ, Paterson NE, Zhou J, Brunner D, Kozikowski AP, Westphal KG, et al. (2010). 
The novel triple reuptake inhibitor, JZAD-IV-22, exhibits an antidepressant 
pharmacological profile without locomotor stimulant or sensitization properties. J 
Pharmacol Exp Ther. 
Carboni E, Silvagni A, Vacca C, Di Chiara G (2006). Cumulative effect of norepinephrine 
and dopamine carrier blockade on extracellular dopamine increase in the nucleus 
accumbens shell, bed nucleus of stria terminalis and prefrontal cortex. J Neurochem 
96(2): 473-481. 
Carboni E, Silvagni A (2004). Dopamine reuptake by norepinephrine neurons: exception or 
rule? Crit Rev Neurobiol 16(1-2): 121-128. 
Carter DS, Cai HY, Lee EK, Iyer PS, Lucas MC, Roetz R, et al. (2010). 2-Substituted N-aryl 
piperazines as novel triple reuptake inhibitors for the treatment of depression. 
Bioorg Med Chem Lett 20(13): 3941-3945. 
Casper RC (1998). Depression and eating disorders. Depress Anxiety 8 Suppl 1: 96-104. 
Chen Z, Skolnick P (2007). Triple uptake inhibitors: therapeutic potential in depression and 
beyond. Expert Opin Investig Drugs 16(9): 1365-1377. 
Cryan JF, Page ME, Lucki I (2002). Noradrenergic lesions differentially alter the 
antidepressant-like effects of reboxetine in a modified forced swim test. Eur J 
Pharmacol 436(3): 197-205. 
Cryan JF, Lucki I (2000). Antidepressant-like behavioral effects mediated by 5-
Hydroxytryptamine(2C) receptors. J Pharmacol Exp Ther 295(3): 1120-1126. 
Dahlstrom A, Fuxe K (1965). Evidence for the existence of an outflow of noradrenaline nerve 
fibres in the ventral roots of the rat spinal cord. Experientia 21(7): 409-410. 
Dahlstrom A, Fuxe K (1964). Localization of monoamines in the lower brain stem. 
Experientia 20(7): 398-399. 
Davidson RJ (2002). Anxiety and affective style: role of prefrontal cortex and amygdala. Biol 
Psychiatry 51(1): 68-80. 
Dell'osso B, Palazzo MC, Oldani L, Altamura AC (2010). The Noradrenergic Action in 




Psychiatric Disorders – Trends and Developments 
 
310 
Depue RA, Collins PF (1999). Neurobiology of the structure of personality: dopamine, 
facilitation of incentive motivation, and extraversion. Behav Brain Sci 22(3): 491-517; 
discussion 518-469. 
Detke MJ, Rickels M, Lucki I (1995). Active behaviors in the rat forced swimming test 
differentially produced by serotonergic and noradrenergic antidepressants. 
Psychopharmacology (Berl) 121(1): 66-72. 
Deutch AY, Goldstein M, Roth RH (1986). Activation of the locus coeruleus induced by 
selective stimulation of the ventral tegmental area. Brain Res 363(2): 307-314. 
Devoto P, Flore G, Pira L, Longu G, Gessa GL (2004). Alpha2-adrenoceptor mediated co-
release of dopamine and noradrenaline from noradrenergic neurons in the cerebral 
cortex. J Neurochem 88(4): 1003-1009. 
Dharmshaktu P, Tayal V, Kalra BS (2011). Efficacy of Antidepressants as Analgesics: A 
Review. J Clin Pharmacol. (In press) 
Dremencov E, El Mansari M, Blier P (2009). Effects of sustained serotonin reuptake 
inhibition on the firing of dopamine neurons in the rat ventral tegmental area. J 
Psychiatry Neurosci 34(3): 223-229. 
Drevets WC (2001). Neuroimaging and neuropathological studies of depression: 
implications for the cognitive-emotional features of mood disorders. Curr Opin 
Neurobiol 11(2): 240-249. 
Drevets WC (1999). Prefrontal cortical-amygdalar metabolism in major depression. Ann N Y 
Acad Sci 877: 614-637. 
Dong J, Blier P (2001). Modification of norépinephrine and serotonin, but not dopamine, 
neuron firing by sustained bupropion treatment. Psychopharmacol (Berl) 155(1): 52-
57. 
Dunlop BW, Nemeroff CB (2007). The role of dopamine in the pathophysiology of 
depression. Arch Gen Psychiatry 64(3): 327-337. 
Elam M, Clark D, Svensson TH (1986). Electrophysiological effects of the enantiomers of 3-
PPP on neurons in the locus coeruleus of the rat. Neuropharmacology 25(9): 1003-
1008. 
Esposito E, Romandini S, Merlo-Pich E, Mennini T, Samanin R (1986). Evidence of the 
involvement of dopamine in the analgesic effect of nefopam. Eur J Pharmacol 128(3): 
157-164. 
Ferre S, Cortes R, Artigas F (1994). Dopaminergic regulation of the serotonergic raphe-
striatal pathway: microdialysis studies in freely moving rats. J Neurosci 14(8): 4839-
4846. 
Ferre S, Artigas F (1993). Dopamine D2 receptor-mediated regulation of serotonin 
extracellular concentration in the dorsal raphe nucleus of freely moving rats. J 
Neurochem 61(2): 772-775. 
Ghanbari R, El Mansari M, Blier P (2010). Electrophysiological effects of the co-
administration of escitalopram and bupropion on rat serotonin and norepinephrine 
neurons. J Psychopharmacol 24(1): 39-50. 
Girard P, Niedergang B, Pansart Y, Coppe MC, Verleye M (2011). Systematic evaluation of 
the nefopam-paracetamol combination in rodent models of antinociception. Clin 
Exp Pharmacol Physiol. 
www.intechopen.com
A New Class of Antidepressant Drugs  
in the Treatment of Psychiatric Disorders: The Triple Reuptake Inhibitors 
 
311 
Girard P, Coppe MC, Verniers D, Pansart Y, Gillardin JM (2006). Role of catecholamines and 
serotonin receptor subtypes in nefopam-induced antinociception. Pharmacol Res 
54(3): 195-202. 
Giros B, Wang YM, Suter S, McLeskey SB, Pifl C, Caron MG (1994). Delineation of discrete 
domains for substrate, cocaine, and tricyclic antidepressant interactions using 
chimeric dopamine-norepinephrine transporters. J Biol Chem 269(23): 15985-15988. 
Gold PW, Chrousos GP (2002). Organization of the stress system and its dysregulation in 
melancholic and atypical depression: high vs low CRH/NE states. Mol Psychiatry 
7(3): 254-275. 
Gresch PJ, Sved AF, Zigmond MJ, Finlay JM (1995). Local influence of endogenous 
norepinephrine on extracellular dopamine in rat medial prefrontal cortex. J 
Neurochem 65(1): 111-116. 
Guiard BP, Chenu F, El Mansari M, Blier P (2011). Characterization of the 
electrophysiological properties of triple reuptake inhibitors on monoaminergic 
neurons. Int J Neuropsychopharmacol 14(2): 211-223. 
Guiard BP, El Mansari M, Blier P (2009). Prospect of a dopamine contribution in the next 
generation of antidepressant drugs: the triple reuptake inhibitors. Curr Drug Targets 
10(11): 1069-1084. 
Guiard BP, El Mansari M, Merali Z, Blier P (2008a). Functional interactions between 
dopamine, serotonin and norepinephrine neurons: an in-vivo electrophysiological 
study in rats with monoaminergic lesions. Int J Neuropsychopharmacol 11(5): 625-639. 
Guiard BP, El Mansari M, Merali Z, Blier P (2008b). Cross-talk between dopaminergic and 
noradrenergic systems in the rat ventral tegmental area, locus coeruleus, and dorsal 
hippocampus. Mol Pharmacol. 74(5): 1463-1475. 
Guiard BP, Lanfumey L, Gardier AM (2006). Microdialysis approach to study serotonin 
outflow in mice following selective serotonin reuptake inhibitors and substance P 
(neurokinin 1) receptor antagonist administration: a review. Curr Drug Targets 7(2): 
187-201. 
Guilloux JP, Seney M, Edgar N, Sibille E (2011). Integrated behavioral z-scoring increases the 
sensitivity and reliability of behavioral phenotyping in mice: relevance to 
emotionality and sex. J Neurosci Methods 197(1): 21-31. 
Guy-Grand B (1992). Clinical studies with d-fenfluramine. Am J Clin Nutr 55(1 Suppl): 173S-
176S. 
Gwirtsman HE, Guze BH, Yager J, Gainsley B (1990). Fluoxetine treatment of anorexia 
nervosa: an open clinical trial. J Clin Psychiatry 51(9): 378-382. 
Hache G, Coudore F, Gardier AM, Guiard BP (2011). Monoaminergic antidepressant in the 
relief of pain : potential therapeutic utility of triple reuptake inhibitors (TRIs). 
Pharmaceuticals 4: 285-342. 
Haj-Dahmane S (2001). D2-like dopamine receptor activation excites rat dorsal raphe 5-HT 
neurons in vitro. Eur J Neurosci 14(1): 125-134. 
Handley SL (1995). 5-Hydroxytryptamine pathways in anxiety and its treatment. Pharmacol 
Ther 66(1): 103-148. 
Hansen HH, Hansen G, Tang-Christensen M, Larsen PJ, Axel AM, Raben A, et al. (2010). The 
novel triple monoamine reuptake inhibitor tesofensine induces sustained weight 
loss and improves glycemic control in the diet-induced obese rat: comparison to 
sibutramine and rimonabant. Eur J Pharmacol 636(1-3): 88-95. 
www.intechopen.com
 
Psychiatric Disorders – Trends and Developments 
 
312 
Hansen DL, Toubro S, Stock MJ, Macdonald IA, Astrup A (1999). The effect of sibutramine 
on energy expenditure and appetite during chronic treatment without dietary 
restriction. Int J Obes Relat Metab Disord 23(10): 1016-1024. 
Hauser RA, Salin L, Juhel N, Konyago VL (2007). Randomized trial of the triple monoamine 
reuptake inhibitor NS 2330 (tesofensine) in early Parkinson's disease. Mov Disord 
22(3): 359-365. 
Heel RC, Brogden RN, Pakes GE, Speight TM, Avery GS (1980). Nefopam: a review of its 
pharmacological properties and therapeutic efficacy. Drugs 19(4): 249-267. 
Hendricks TJ, Fyodorov DV, Wegman LJ, Lelutiu NB, Pehek EA, Yamamoto B, et al. (2003). 
Pet-1 ETS gene plays a critical role in 5-HT neuron development and is required for 
normal anxiety-like and aggressive behavior. Neuron 37(2): 233-247. 
Hicks JA, Argyropoulos SV, Rich AS, Nash JR, Bell CJ, Edwards C, et al. (2002). Randomised 
controlled study of sleep after nefazodone or paroxetine treatment in out-patients 
with depression. Br J Psychiatry 180: 528-535. 
Hornung JP (2003). The human raphe nuclei and the serotonergic system. J Chem Neuroanat 
26(4): 331-343. 
Jimerson DC, Herzog DB, Brotman AW (1993). Pharmacologic approaches in the treatment 
of eating disorders. Harv Rev Psychiatry 1(2): 82-93. 
Katz MM, Bowden CL, Frazer A (2010a). Rethinking depression and the actions of 
antidepressants: uncovering the links between the neural and behavioral elements. 
J Affect Disord 120(1-3): 16-23. 
Katz NS, Guiard BP, El Mansari M, Blier P (2010b). Effects of acute and sustained 
administration of the catecholamine reuptake inhibitor nomifensine on the firing 
activity of monoaminergic neurons. J Psychopharmacol 24(8): 1223-1235. 
Kiyasova V, Fernandez SP, Laine J, Stankovski L, Muzerelle A, Doly S, et al. (2011). A 
genetically defined morphologically and functionally unique subset of 5-HT 
neurons in the mouse raphe nuclei. J Neurosci 31(8): 2756-2768. 
Krieter PA, Gohdes M, Musick TJ, Duncanson FP, Bridson WE (2008). Pharmacokinetics, 
disposition, and metabolism of bicifadine in humans. Drug Metab Dispos 36(2): 252-
259. 
Larsen MB, Fontana AC, Magalhaes LG, Rodrigues V, Mortensen OV (2011). A 
catecholamine transporter from the human parasite Schistosoma mansoni with low 
affinity for psychostimulants. Mol Biochem Parasitol 177(1): 35-41. 
Lee KH, Park CE, Min KH, Shin YJ, Chung CM, Kim HH, et al. (2010). Synthesis and 
pharmacological evaluation of 3-aryl-3-azolylpropan-1-amines as selective triple 
serotonin/norepinephrine/dopamine reuptake inhibitors. Bioorg Med Chem Lett 
20(18): 5567-5571. 
Lengyel K, Pieschl R, Strong T, Molski T, Mattson G, Lodge NJ, et al. (2008). Ex vivo 
assessment of binding site occupancy of monoamine reuptake inhibitors: 
methodology and biological significance. Neuropharmacology 55(1): 63-70. 
Leuchter AF, Lesser IM, Trivedi MH, Rush AJ, Morris DW, Warden D, et al. (2008). An open 
pilot study of the combination of escitalopram and bupropion-SR for outpatients 
with major depressive disorder. J Psychiatr Pract 14(5): 271-280. 
Li SX, Perry KW, Wong DT (2002). Influence of fluoxetine on the ability of bupropion to 
modulate extracellular dopamine and norepinephrine concentrations in three 
mesocorticolimbic areas of rats. Neuropharmacology 42(2): 181-190. 
www.intechopen.com
A New Class of Antidepressant Drugs  
in the Treatment of Psychiatric Disorders: The Triple Reuptake Inhibitors 
 
313 
Liang Y, Shaw AM, Boules M, Briody S, Robinson J, Oliveros A, et al. (2008). Antidepressant-
like pharmacological profile of a novel triple reuptake inhibitor, (1S,2S)-3-
(methylamino)-2-(naphthalen-2-yl)-1-phenylpropan-1-ol (PRC200-SS). J Pharmacol 
Exp Ther 327(2): 573-583. 
Linner L, Endersz H, Ohman D, Bengtsson F, Schalling M, Svensson TH (2001). Reboxetine 
modulates the firing pattern of dopamine cells in the ventral tegmental area and 
selectively increases dopamine availability in the prefrontal cortex. J Pharmacol Exp 
Ther 297(2): 540-546. 
Lucas MC, Weikert RJ, Carter DS, Cai HY, Greenhouse R, Iyer PS, et al. (2010). Design, 
synthesis, and biological evaluation of new monoamine reuptake inhibitors with 
potential therapeutic utility in depression and pain. Bioorg Med Chem Lett 20(18): 
5559-5566. 
MacHale SM, Lawrie SM, Cavanagh JT, Glabus MF, Murray CL, Goodwin GM, et al. (2000). 
Cerebral perfusion in chronic fatigue syndrome and depression. Br J Psychiatry 176: 
550-556. 
Martin-Ruiz R, Ugedo L, Honrubia MA, Mengod G, Artigas F (2001). Control of serotonergic 
neurons in rat brain by dopaminergic receptors outside the dorsal raphe nucleus. J 
Neurochem 77(3): 762-775. 
McClure SM, Berns GS, Montague PR (2003). Temporal prediction errors in a passive 
learning task activate human striatum. Neuron 38(2): 339-346. 
Micheli F, Cavanni P, Andreotti D, Arban R, Benedetti R, Bertani B, et al. (2010a). 6-(3,4-
dichlorophenyl)-1-[(methyloxy)methyl]-3-azabicyclo[4.1.0]heptane: a new potent 
and selective triple reuptake inhibitor. J Med Chem 53(13): 4989-5001. 
Micheli F, Cavanni P, Arban R, Benedetti R, Bertani B, Bettati M, et al. (2010b). 1-(Aryl)-6-
[alkoxyalkyl]-3-azabicyclo[3.1.0]hexanes and 6-(aryl)-6-[alkoxyalkyl]-3-
azabicyclo[3.1.0]hexanes: a new series of potent and selective triple reuptake 
inhibitors. J Med Chem 53(6): 2534-2551. 
Millan MJ (2009). Dual- and triple-acting agents for treating core and co-morbid symptoms 
of major depression: novel concepts, new drugs. Neurotherapeutics 6(1): 53-77. 
Miller HL, Delgado PL, Salomon RM, Berman R, Krystal JH, Heninger GR, et al. (1996). 
Clinical and biochemical effects of catecholamine depletion on antidepressant-
induced remission of depression. Arch Gen Psychiatry 53(2): 117-128. 
Mongeau R, Blier P, de Montigny C (1997). The serotonergic and noradrenergic systems of 
the hippocampus: their interactions and the effects of antidepressant treatments. 
Brain Res Brain Res Rev 23(3): 145-195. 
Moore RY and Card JP (1984). Noradrenaline-containing neuron systems. Editors, Handbook 
of Chemical Neuroanatomy. Vol. 2: Classical Transmitters in the CNS Part 1, Elsevier, 
Amsterdam : 123–156. 
Morilak DA, Frazer A (2004). Antidepressants and brain monoaminergic systems: a 
dimensional approach to understanding their behavioural effects in depression and 
anxiety disorders. Int J Neuropsychopharmacol 7(2): 193-218. 
Moron JA, Brockington A, Wise RA, Rocha BA, Hope BT (2002). Dopamine uptake through 
the norepinephrine transporter in brain regions with low levels of the dopamine 
transporter: evidence from knock-out mouse lines. J Neurosci 22(2): 389-395. 




Psychiatric Disorders – Trends and Developments 
 
314 
propan -1-one (NS7051) attenuates nociceptive transmission in animal models of 
experimental pain; a pharmacological comparison with the combined mu-opioid 
receptor agonist and monoamine reuptake inhibitor tramadol. Neuropharmacology 
54(2): 331-343. 
Nelson CA, Wolk R, Somers VK (2005). Sleep-disordered breathing: implications for the 
pathophysiology and management of cardiovascular disease. Compr Ther 31(1): 21-
27. 
Nicholson KL, Balster RL, Golembiowska K, Kowalska M, Tizzano JP, Skolnick P, et al. 
(2009). Preclinical evaluation of the abuse potential of the analgesic bicifadine. J 
Pharmacol Exp Ther 330(1): 236-248. 
Nutt DJ (2008a). Relationship of neurotransmitters to the symptoms of major depressive 
disorder. J Clin Psychiatry 69 Suppl E1: 4-7. 
Nutt D, Wilson S, Paterson L (2008b). Sleep disorders as core symptoms of depression. 
Dialogues Clin Neurosci 10(3): 329-336. 
Page ME, Detke MJ, Dalvi A, Kirby LG, Lucki I (1999). Serotonergic mediation of the effects 
of fluoxetine, but not desipramine, in the rat forced swimming test. 
Psychopharmacology (Berl) 147(2): 162-167. 
Popik P, Krawczyk M, Golembiowska K, Nowak G, Janowsky A, Skolnick P, et al. (2006). 
Pharmacological profile of the "triple" monoamine neurotransmitter uptake 
inhibitor, DOV 102,677. Cell Mol Neurobiol 26(4-6): 857-873. 
Prica C, Hascoet M, Bourin M (2008). Is co-administration of bupropion with SSRIs and 
SNRIs in forced swimming test in mice, predictive of efficacy in resistant 
depression? Behav Brain Res 194(1): 92-99. 
Prins J, Westphal KG, Korte-Bouws GA, Quinton MS, Schreiber R, Olivier B, et al. (2011). The 
potential and limitations of DOV 216,303 as a triple reuptake inhibitor for the 
treatment of major depression: a microdialysis study in olfactory bulbectomized 
rats. Pharmacol Biochem Behav 97(3): 444-452. 
Prins J, Denys DA, Westphal KG, Korte-Bouws GA, Quinton MS, Schreiber R, et al. (2010). 
The putative antidepressant DOV 216,303, a triple reuptake inhibitor, increases 
monoamine release in the prefrontal cortex of olfactory bulbectomized rats. Eur J 
Pharmacol 633(1-3): 55-61. 
Racagni G, Brunello N (1999). Physiology to functionality: the brain and neurotransmitter 
activity. Int Clin Psychopharmacol 14 Suppl 1: S3-7. 
Ren K, Dubner R (2002). Descending modulation in persistent pain: an update. Pain 100(1-2): 
1-6. 
Reneric JP, Lucki I (1998). Antidepressant behavioral effects by dual inhibition of 
monoamine reuptake in the rat forced swimming test. Psychopharmacology (Berl) 
136(2): 190-197. 
Rothman RB (1990). High affinity dopamine reuptake inhibitors as potential cocaine 
antagonists: a strategy for drug development. Life Sci 46(20): PL17-21. 
Salamone JD, Correa M, Mingote S, Weber SM (2003). Nucleus accumbens dopamine and 
the regulation of effort in food-seeking behavior: implications for studies of natural 
motivation, psychiatry, and drug abuse. J Pharmacol Exp Ther 305(1): 1-8. 
Sanchez C, Hyttel J (1999). Comparison of the effects of antidepressants and their 
metabolites on reuptake of biogenic amines and on receptor binding. Cell Mol 
Neurobiol 19(4): 467-489. 
www.intechopen.com
A New Class of Antidepressant Drugs  
in the Treatment of Psychiatric Disorders: The Triple Reuptake Inhibitors 
 
315 
Sawynok J, Reid A (2001). Antinociception by tricyclic antidepressants in the rat formalin 
test: differential effects on different behaviours following systemic and spinal 
administration. Pain 93(1): 51-59. 
Schildkraut JJ (1965). The catecholamine hypothesis of affective disorders: a review of 
supporting evidence. Am J Psychiatry 122(5): 509-522. 
Schoedel KA, Meier D, Chakraborty B, Manniche PM, Sellers EM (2010). Subjective and 
objective effects of the novel triple reuptake inhibitor tesofensine in recreational 
stimulant users. Clin Pharmacol Ther 88(1): 69-78. 
Shao L, Hewitt MC, Wang F, Malcolm SC, Ma J, Campbell JE, et al. (2011a). Discovery of N-
methyl-1-(1-phenylcyclohexyl)ethanamine, a novel triple serotonin, norepinephrine 
and dopamine reuptake inhibitor. Bioorg Med Chem Lett 21(5): 1434-1437. 
Shao L, Hewitt MC, Wang F, Malcolm SC, Ma J, Campbell JE, et al. (2011b). Discovery of N-
methyl-1-(1-phenylcyclohexyl)ethanamine, a novel triple serotonin, norepinephrine 
and dopamine reuptake inhibitor. Bioorg Med Chem Lett 21(5): 1438-1441. 
Shao L, Wang F, Malcolm SC, Ma J, Hewitt MC, Campbell UC, et al. (2011c). Synthesis and 
pharmacological evaluation of 4-(3,4-dichlorophenyl)-N-methyl-1,2,3,4-
tetrahydronaphthalenyl amines as triple reuptake inhibitors. Bioorg Med Chem 19(1): 
663-676. 
Shaw AM, Boules M, Zhang Y, Williams K, Robinson J, Carlier PR, et al. (2007). 
Antidepressant-like effects of novel triple reuptake inhibitors, PRC025 and PRC050. 
Eur J Pharmacol 555(1): 30-36. 
Sjodin A, Gasteyger C, Nielsen AL, Raben A, Mikkelsen JD, Jensen JK, et al. (2010). The effect 
of the triple monoamine reuptake inhibitor tesofensine on energy metabolism and 
appetite in overweight and moderately obese men. Int J Obes (Lond) 34(11): 1634-
1643. 
Skolnick P, Krieter P, Tizzano J, Basile A, Popik P, Czobor P, et al. (2006). Preclinical and 
clinical pharmacology of DOV 216,303, a "triple" reuptake inhibitor. CNS Drug Rev 
12(2): 123-134. 
Skolnick P, Popik P, Janowsky A, Beer B, Lippa AS (2003). Antidepressant-like actions of 
DOV 21,947: a "triple" reuptake inhibitor. Eur J Pharmacol 461(2-3): 99-104. 
Song C, Leonard BE (2005). The olfactory bulbectomised rat as a model of depression. 
Neurosci Biobehav Rev 29(4-5): 627-647. 
Stahl S (2008). Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical 
Applications (Essential Psychopharmacology Series). Cambridge University Press. 
Tremblay P, Blier P (2006). Catecholaminergic strategies for the treatment of major 
depression. Curr Drug Targets 7(2): 149-158. 
Valentini V, Frau R, Di Chiara G (2004). Noradrenaline transporter blockers raise 
extracellular dopamine in medial prefrontal but not parietal and occipital cortex: 
differences with mianserin and clozapine. J Neurochem 88(4): 917-927. 
Volkow ND (2005). What do we know about drug addiction? Am J Psychiatry 162(8): 1401-
1402. 
Volkow ND, Wise RA (2005). How can drug addiction help us understand obesity? Nat 
Neurosci 8(5): 555-560. 
Wallin MS, Rissanen AM (1994). Food and mood: relationship between food, serotonin and 
affective disorders. Acta Psychiatr Scand Suppl 377: 36-40. 
Walsh BT (1991). Fluoxetine treatment of bulimia nervosa. J Psychosom Res 35 Suppl 1: 33-40. 
www.intechopen.com
 
Psychiatric Disorders – Trends and Developments 
 
316 
Willner P (1983). Dopamine and depression: a review of recent evidence. I. Empirical 
studies. Brain Res 287(3): 211-224. 
Wilson S, Argyropoulos S (2005). Antidepressants and sleep: a qualitative review of the 
literature. Drugs 65(7): 927-947. 
Zisook S, Rush AJ, Haight BR, Clines DC, Rockett CB (2006). Use of bupropion in 
combination with serotonin reuptake inhibitors. Biol Psychiatry 59(3): 203-210. 
www.intechopen.com
Psychiatric Disorders - Trends and Developments
Edited by Dr. Toru Uehara
ISBN 978-953-307-745-1
Hard cover, 514 pages
Publisher InTech
Published online 26, October, 2011
Published in print edition October, 2011
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Due to their prevalence, pervasiveness and burden inflicted on men and women of today, psychiatric disorders
are considered as one of the most important, sever and painful illnesses. This impairment of cognitive,
emotional, or behavioural functioning is in some cases tragic. Aside from knowing the physical organic factors,
such as infections, endocrinal illnesses or head injuries, the aetiology of psychiatric disorders has remained a
mystery. However, recent advances in psychiatry and neuroscience have been successful in discovering
subsequent pathophysiology and reaching associated bio-psycho-social factors. This book consists of recent
trends and developments in psychiatry from all over the world, presented in the form of multifarious and
comprehensive articles. The first two sections of the book are reserved for articles on schizophrenia and
depression, two major illnesses present in this field. The third section of the book is reserved for addiction
psychiatry, related not only to socio-cultural but also biological alterations. The last section of the book, titled
Biological Neuropsychiatry, consists of three topics - updated molecular biology, fundamental neuroscience
and clinical neuropsychiatric conditions. Doubtlessly, this book will be fruitful for future developments and
collaboration in world psychiatry.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
B.P. Guiard (2011). A New Class of Antidepressant Drugs in the Treatment of Psychiatric Disorders: The Triple
Reuptake Inhibitors, Psychiatric Disorders - Trends and Developments, Dr. Toru Uehara (Ed.), ISBN: 978-953-
307-745-1, InTech, Available from: http://www.intechopen.com/books/psychiatric-disorders-trends-and-
developments/a-new-class-of-antidepressant-drugs-in-the-treatment-of-psychiatric-disorders-the-triple-
reuptake-in
© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
